Study Design. Epidemiological study. Objective. To investigate the incidence and risk factors for developing low back pain in active duty military population to include age, sex, race, and rank, and military service. Summary of Background Data. Low back pain is among the most common musculoskeletal conditions worldwide and is estimated to affect nearly two-thirds of the US population at some point in their lives. Low back pain is a multifactorial disease and many risk factors have been implicated including age, race, sex, and marital status. Methods. A query was performed using the US Defense Medical Epidemiology Database (DMED) for the International Classifi cation of Diseases, Ninth Revision, Clinical Modifi cation code for low back pain (724.20). 13,754,261 person-years of data were investigated. Multivariate Poisson regression analysis was used to estimate the rate of low back pain per 1000 person-years, whereas controlling for sex, race, rank, service, age, and marital status. Results. The overall unadjusted incidence rate of low back pain was 40.5 per 1000 person-years. Women, compared with men, had a signifi cantly increased incidence rate ratio for low back pain of 1.45. The incidence rate ratio for the 40 + age group compared with the 20 to 29 years of age group was 1.28. With junior offi cers as the referent category, junior-and senior-enlisted rank groups had increased incidence rate ratio for low back pain, 1.95 and 1.35, respectively. Each service, when compared with the Marines as the referent category, had a signifi cantly increased incidence rate L ow back pain is among the most common musculoskeletal conditions worldwide and is estimated to affect up to 85% of the US population at some point in their lives. It is a signifi cant cause of disability in the working population and carries a substantial economic impact with an estimated annual cost of $28 billion in the United States alone.
L ow back pain is among the most common musculoskeletal conditions worldwide and is estimated to affect up to 85% of the US population at some point in their lives. 1 It is a signifi cant cause of disability in the working population and carries a substantial economic impact with an estimated annual cost of $28 billion in the United States alone. 2 , 3 Because of the impact it has on a signifi cant portion of the general population, it has been the subject of numerous studies to identify populations at greater risk as well as factors that contribute to the development of this condition.
Although low back pain is such a common condition, it remains poorly understood. It is a complex and multifactorial condition with many contributing variables to include psychosocial factors 4 -6 and occupational factors, 7 , 8 and demographic factors. Demographic factors that have been suggested as risk factors for development of low back pain include age, 9 -12 sex, 10 , 12 -14 marital status, 15 , 16 and race. 17 , 18 The US Armed Forces represents a physically active population of male and female service members with generally high occupational demands. These patients are also screened at the initial military entry examination for preexisting spinal conditions. Findings of any preexisting spinal abnormalities exclude patients from entry to active duty military service. Once in military service, these patients must meet the standards of a semiannual physical fi tness test and height/weight requirements and must also participate in organized physical fi tness training programs. The purpose of our study is to evaluate the incidence and demographic risk factors associated with new onset low back pain in the US Armed Forces service members.
MATERIALS AND METHODS
The military maintains large medical databases, making it an excellent population in which to study musculoskeletal disorders such as low back pain. One such database is the Defense Medical Epidemiology Database (DMED), which compiles International Classifi cation of Diseases, Ninth Revision (ICD-9) , coding information for every patient encounter in a military treatment facility. The diagnoses in the DMED are made by either a physician or a physician extender. This database also maintains the total number of service members on active-duty updated on a monthly basis. It is also used to calculate the person-years of exposure.; and contains patient demographic and military specifi c-data. DMED is a frequently updated database that is able to track military service members as they move throughout the world. It also includes outsourced (nonmilitary) outpatient healthcare facilities providing care to active-duty service members. It has been used previously to provide information on various musculoskeletal conditions. 19 -25 To determine the total number of patients with low back pain, we queried the ambulatory DMED system for the years 1998 to 2006 using the ICD-9 CM code 724.20. The ICD-9 code of lumbago is easily diagnosed by a variety of health care providers without concern for diagnostic criteria that is found in other similar codes. To maintain homogeneity of diagnoses, this was the only code assessed in this study. Ambulatory encounters were limited to a "fi rst occurrence," which included only the fi rst time the diagnosis was made in the ambulatory setting for a particular patient. This excluded repeat coding of a single episode of acute low back pain by multiple providers as well as multiple visits for chronic low back pain. In patients with multiple separate episodes of acute low back pain, however, only the fi rst occurrence was then captured and enables a true calculation of incidence. This did not exclude those with prior episodes of low back pain before entering into military service. We then categorized the results by sex, race, age, rank, military service, and marital status. Race data are routinely obtained from the Defense Manpower Data Center, which compiles service members' self-report of race with the following options: white, black, Hispanic, Alaskan Native/American Indian, Asian/Pacifi c Islander, and others. DMED classifi es these categories into three larger groups: white, black, and other. Mixed race individuals were classifi ed according to self-report. The age categories used were less than 20, 20 to 24, 25 to 29, 30 to 34, 35 to 39, and 40 + . The rank categories used were junior enlisted (E1-E4), senior enlisted (E5-E9), junior offi cers (O1-O3), and senior offi cers (O4-O9). The military service categories used were Army, Navy, Air Force, and Marines. Marital status is classifi ed as single, married, or other as determined by self-report. DMED does not compile height or weight data on service members, so this information was not available for analysis. The database was also queried for the total number of service members on active-duty during the study time period, and the results were categorized by sex, race, age, rank, service, and marital status.
Statistical Methods
For the incidence of low back pain, the outcome measure was determined as the incidence rate per 1000 person-years. A person-year represents 1 year of active duty time in which a service member is exposed to the risk factors for low back pain regardless of occurrence of low back pain. Incidence rate represents the new onset of low back pain within the study population. We used multivariate Poisson regression to estimate the rate of low back pain per 1000 person-years by sex, race, age, rank, service, and marital status (unadjusted rates). In addition, using Poisson regression, we computed rate ratios for sex, using men as the referent, and analyzing for differences in race, age, rank service, and marital status between men and women. Rate ratios were also calculated for race (using white as the referent category), age (using younger than 20 years as the referent), rank (using junior offi cers as the referent category), service (using the Air Force as the referent category), and marital status (using single as the referent), all of which were controlled for other covariates. The referent category in each group was chosen on the basis of the subgroup with the lowest incident rate for previously studied musculoskeletal disorders. 26 This study received institutional review board approval. No external funding was received for this study.
RESULTS
A total of 557,059 cases of low back pain were documented in our population at risk of 13,754,261 person-years. The overall incidence rate of low back pain in our population was 40.5 per 1000 person-years. The unadjusted incidence rate of low back pain was 58.3 per 1000 person-years among women and 37.6 per 1000 person-years among men. Women, when compared with men, had a signifi cantly increased incidence rate ratio for low back pain of 1.45 (95% confi dence interval [CI]: 1.44-1.46). When examining the age subcategories, it was found that the incidence rate ratio for women, when compared with men, was statistically signifi cant at all age subcategories. The incidence rates for men and women by age group are listed in Table 1 .
The unadjusted incidence rate for low back pain was 38.9 among whites, 47.4 among blacks, and 38.5 among others per 1000 person-years. Blacks and whites, when compared with others, had signifi cantly increased incidence rate ratio for low back pain of 1.10 (95% CI: 1.09-1.11) and 1.05 (95% CI: 1.04-1.06), respectively. When examining the age subcategories, it was found that the incidence rate ratio for whites, when compared with others, was statistically significant at each age subcategory younger than 40 years. The incidence rates for race are presented in Table 2 .
We found that older service members had a higher incidence rate for low back pain when compared with younger service members. The highest unadjusted incidence rates were seen in the younger than 20 and 40 + years age groups with incidence rates of 47.9 and 45.7 per 1000 personyears. After adjusting for the other variables, the 40 + age group was found to have the highest adjusted rate of low back pain. The adjusted rate ratio for the 40 + age group compared with the 20 to 29 years age group was 1.28 (95% CI: 1.27-1.29). A complete listing of the age data is given in Table 3 .
The unadjusted incidence rate for low back pain among the four rank groups was 45.6 for the junior enlisted, 39.1 for the senior enlisted, 27.6 for junior offi cers, and 33.2 for the senior offi cers per 1000 person-years. When compared with the junior offi cers as the referent category, the enlisted rank groups had increased incidence rate ratios for low back pain: junior enlisted: 1.95 (95% CI: 1.92-1.97) and senior enlisted: 1.35 (95% CI: 1.34-1.37). When examining the age subcategories, it was found that the incidence rate ratio for enlisted service members, when compared with junior officers, was statistically signifi cant at all age subcategories. In addition senior offi cers, when compared with junior offi cers, had a signifi cantly decreased incidence rate ratio for low back pain of 0.94 (95% CI: 0.92-0.96). The incidence rates for rank groups are presented in Table 4 .
The unadjusted incidence rate for low back pain among the four services was 57.0 for the Army, 40.4 for the Air Force, 25.9 for the Navy, and 25.3 for the Marines per 1000 personyears. Each service, when compared with the Marines as the referent category, had a signifi cantly increased incidence rate ratio for low back pain: Army: 2.19 (95% CI: 2.17-2.21), Navy: 1.02 (95% CI: 1.01-1.04), and Air Force: 1.54 (95% CI: 1.52-1.55). When examining the service age subcategories, we found that the incidence rate ratio for the Army and Air Force, when compared with the Marines, was statistically signifi cant at all the age subcategories. The incidence rates for service are presented in Table 5 .
When looking at marital status, the unadjusted incidence rate for low back pain was 38.1 among single, 41.3 among married, and 56.4 among other service members per 1000 person-years. Married and other, when compared with single, had signifi cantly increased incidence rate ratios for low back pain of 1.21 (95% CI: 1.20-1.22) and 1.34 (95% CI: 1.32-1.36), respectively. When examining the age subcategories, it was found that the incidence rate ratio for married and other service members, when compared with single, was statistically signifi cant at each age subcategory. The incidence rates for marital status are presented in Table 6 .
DISCUSSION
This report represents the largest study of the incidence of low back pain to date, representing 9 years of data in an ethnically and geographically diverse population. Our study found an overall incidence of low back pain in the active duty military population of 40.5 per 1000 person-years. This is comparable to several previous studies on nonmilitary populations that reported incidence rates ranging from 24.2 to 44.7 per 1000 person-years. 27 , 28 In our population, we identifi ed multiple risk factors for low back pain to include female sex, increasing age, enlisted rank, service in a branch of service other than the Marine Corps and marital status other than single.
Prior studies have shown mixed results regarding the impact of sex as a risk factor for low back pain. Although multiple studies demonstrate an increased incidence of low back pain in women, 6 , 10 , 12 -14 , 29 , 30 other studies demonstrate an equal incidence compared with men. 9 , 28 , 31 -33 In our study, there was a signifi cantly increased rate of low back pain in female service members compared to male service members. Several factors have been suggested in the literature as potentially contributing to an increased risk of low back pain seen in the female population. These include estrogen exposure, 34 differing responses to pain, 35 and various psychosocial factors. Strowbridge 36 demonstrated a 2.65-fold increased odds ratio for developing acute low back pain as a result of military training and other physical activities by female service members compared with their male counterparts.
Multiple studies have examined race as an epidemiological factor in the incidence of low back pain with varying results. Deyo et al 17 found the highest prevalence rate of low back pain in American Indian/Alaskan natives and the lowest rate in Asian Americans. In addition, African Americans demonstrated a lower rate compared with whites. Strine and Hootman 29 found non-Hispanic whites to have a higher prevalence rate of low back pain compared with both African Americans and Hispanics. However, another study found that non-Hispanic whites had a signifi cantly lower risk when compared with African Americans and Hispanics. 18 In our population, we demonstrated a minimal difference in the risk of low back pain between African Americans and whites that was not determined to be clinically signifi cant.
Increasing age has been commonly cited as a risk factor for low back pain secondary to both cumulative stresses on the spine as well as a potential inherent vulnerability of the aging spine. Age-related changes to the intervertebral discs are well described and include loss of proteoglycans, decreased matrix turnover and synthesis, increased stiffness of the anulus fibrosus, and decreased size of the hydrostatic nucleus. 37 These changes may predispose the aging person to the onset of low back pain. Multiple studies identify an increased prevalence of low back pain in the older patient population; however, this correlation has not been defi nitively established. 10 , 12 , 18 , 29
The incidence of low back pain in different age groups also The junior enlisted service members who demonstrated the highest incidence of low back pain comprise the majority of the combat forces in the armed services and are typically involved in the most demanding training and occupational activities. Such activities include the carrying of fi ghting loads exceeding 40 kg 40 or the repetitive lifting of artillery shells weighing more than 40 kg. 43 Reynolds et al 43 found a 57% rate of low back pain in artillerymen over a 1-year period. remains to be fully described with the highest incidence having been reported anywhere from the third decade to between the fi fth and seventh decades of life. 28 , 30 , 38 Our study demonstrated the highest rate of new onset low back pain in patients older than 40 years.
Our study demonstrated an increased incidence of low back pain in enlisted service members when compared with offi cers, with the highest rate in junior enlisted service members. The reason for this association is likely multifactorial in nature. Enlisted service members are typically involved in Compared with service members in the Marine Corps, a statistically signifi cant increase in low back pain was seen in the other branches of service, with the highest rate of low back pain seen in those serving in the Army. One might expect the Marine Corps to have a higher incidence of low back pain secondary to their increased occupational demands and activity levels; therefore, the lower incidence of low back pain compared to other services was unexpected. The authors postulate that members of the Marine Corps may demonstrate Knapik et al 41 found a 23% rate of low back injury resulting from a 5-day-road march with a 46-kg fi ghting load. Darakjy et al 26 assessed the injury rate during operational training exercises and found a similar distribution of total injury rate according to rank group with the highest injury rate in junior enlisted and lowest rate in the offi cers. 26 Another potential factor affecting the rate of low back pain in these service members is the difference in educational level, which has been shown to infl uence rates of low back pain. 29 A prerequisite of becoming an offi cer is obtaining a higher educational level, whereas enlisted service members are only required to have a high-school diploma or graduate equivalency factors are associated with the development of low back pain. 4 -6 , 48 The reason for the increased risk in married individuals is not as clear. These individuals generally demonstrate improved overall health compared with other marital groups and typically are considered to have more psychosocial and economic support, 49 -51 which should have a protective effect. This complex interaction of physical and psychosocial factors highlights the complex nature of low back pain and provides areas for future research.
The main strength of our report is the large number of individuals captured within our study population, representing the largest report on the incidence of low back pain to date. In addition, the study population is contained within a closed health system, making it unlikely for patients to be diagnosed with a condition without being captured in the database. Despite these strengths, our study has multiple limitations inherent to any large database study. First, multiple physicians evaluated and coded the patient encounters, which may decrease the accuracy of the diagnosis of low back pain.
higher levels of physical fi tness that protect them from the increased rigors of their service in the Marines.
Marital status is a variable that has been associated with the incidence of low back pain. In our study, there was a statistically signifi cant increased risk for development of low back pain when examining the incidence rate ratio for service members in the married or other group compared with single service members: 15 This has also been demonstrated in multiple other studies as well. 12 , 16 , 17 , 29 It is unclear why marital status has an effect on the incidence of low back pain; however, this is likely related to the psychosocial aspect of this disorder. Marital dissolution is associated with decreased overall health, and an increased risk of depression, anxiety, and emotional distress. 44 -47 These same psychological As the majority of clinic visits for low back pain are made to general practitioners, we believe that the familiarity with the presentation and diagnosis of low back pain is quite high. Second, our subjects were all active-duty service members, which may limit the ability of the data to be applied to the general population. Our study demonstrated multiple risk factors for low back pain in the active duty military population. Female sex was found to be a signifi cant risk factor for developing low back pain, as was being currently or previously married. In terms of military factors, we found a signifi cantly higher rate in the enlisted rank groups and those service members serving in the Army. The identifi cation of these demographic risk factors for low back pain may be used to identify high-risk groups within general physically active populations to implement preventative measures. These preventative measures may include educational programs, core strengthening regimens, and targeted workplace interventions. Further prospective studies would be helpful to better understand the effect of high activity levels and occupational demands on the development of low back pain within an ethnically diverse population.
➢ Key Points
Low back pain is a multifactorial disease with multiple demographic risk factors. Similar rates of low back pain were identifi ed in the active duty military population as compared with previous studies on civilian populations. Females were found to have a signifi cantly increased rate of low back pain in the active duty population. Increasing age was found to be a signifi cant risk factor for low back pain. Higher ranking individuals and service members in the Marine Corps were found to have a signifi cantly lower rate of low back pain.
